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I. Work Summary

We continue to push ahead. In the course of our experiments over the
lacgt 4 months, two issues have amerged that we feel are important to resclve and
to which we have deveted considerable effort. The first issue relates to the
exact amino acid sequence of the LBP peptide that is optimal for coupling. This
knowledge is crucial in order to scale up and produce conjugates for testing in
vivo. The second issue, which is related, concerns the number of peptides;XgG
that will be necessary for retaining activity in the bloodstream. These issues,
and our approach to solve them, are discussed below.

Sc as not to lose time while awaiting a large batch of LBP peptide-IgG
with the optimum sequence, we have started to study the stability of peptide-IyG
conjugates in whole blood using the LBP peptides that we have in hand and a
similar LPS binding peptide, CAP18. We hope that these experiments will save us
time once we have the optimum LBP sequence and we are ready to scale up.

A. P €23 on Specif Aim

At the start of the summer we w2re on tha verge of submitting our manu-
script on the exact peptide sequence of LBP that was necessary for binding and
neutralization. However, we were bothered by sonething that we ncted when we
analyzed the data concerning the ability of the pepiides to block LPS binding to
the LPS receptor on cells (CDl4). The peptides that we had constructed with a
terminal cysteine residue on the carboxy terminal were more active than a series
of control peptides that were missing the cysteine reusidue. In addition, some
peptides with ar additional 4 amino acids on the carboxy terminal end also had
higher activity. These findings caused us to review all of our prior LPS
binding and neutralization data.

Ordinarily cysteine is involved in forming the structure of disulfide
bridges. Cysteine is usually not an amino acid that accounts for activity per
gse., We constructed our most active peptides with a terminal cysteine in order
to couple the peptides to IgG via a disulfide bond. Thus, there was a general
trend that the peptides that we had worked with the most had a terminal cysteine
for coupling (in particular different lots of LUP76-102C and LBP86-102C). Since
the LBP-IgG conjugates that we constructed have activity, we had not designed
specific experiments to test for the activity of the cysteine. In addition,
some lots of a slightly longer peptide (LBPB6-106) had somewhat higher activity
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in some of the a2ssays on a molar basis than LBP86-102C. Furthermore, the single
censtruct that we had of LBP86-102 (without the terminal cysteine) bound LPS
well, but blocked binding to CD14 only modestly. Since cysteine can
spontanecusly form disulfide bridges in the oxidized state, these findings
raised the possibility that a small proportion of the peptide that were studying
had spontaneously dimerized in vitro after synthesis, and that some of the
striking functional activity that we were measuring was due to steric hindrance
of the dimerized peptide. Although dimerization would have little effect on our
conjugates because the presence of a single cysteine could only form a single
peptide-IgG link, this could be an important issue in designing more potent
peptides or more efficacious peptide-IgG conjugates. Furthermore, we wished to

state for the purposes of the article that we had conclusively identified the
active LPS binding moiety of LBP.

To directly study this issue, we generated new sets of peptides spanning
this region (LBP86-102, LBP86~106, LBP94-102, LBPY94-106) with and without a
terminal cysteine. We evaluated this new set of peptides in all of our binding
and neutralization assays. It soon became apparent that there was something
different with these peptides. They had only minimal and erratic activity and
they were poorly soluble. We repeated the synthesis, and had similar results.
A very frustrating six to eight weeks was spent working at all hours evaluating
the peptides and seeking the problem. Finally, we discoverad that the cleavage
solution uged to elute the peptides from the aynthesis resin had been altered.
We yet again resynthesized the peptides, this time using the old cleavage
solution. We also synthesized the same peptides on a different peptide
synthesizer, and submitted samples of both sets of peptides for mass spec-
trophotometer analysis for purity. This time we cbtained decent binding and
neutralization with both new sets of peptides. Our results suggested, but were
not cenclusive, that there may be some dimerization of the peptides with the
terminal cysteine, that the LBP86-102 peptides with cysteine were somewhat more
active in blocking LPS-CD14 activity than the same seguence without cysteine,
and that the LBP86-106 sequences retained blocking activity in the absence of
cysteine. These data suggested that the LBP86-102 segquence is needed for
binding, but that additions on tha carboxy tail might increase blocking
activity, perhaps by adding steric hindrance.

To definitively test this hypothesis, we are constructing the following
peptides:

LBP86-102C

LBPC102~-86 (completely reversed sequence with cysteine)
LBPB6-106C

LBP86-102-106~105-104-103C (LBP86~102 plus last four amino acids of 0856-106
in reversed order, with C)

Each of the above peptides are being generated to be reduced, deliberately

dimerized, and treated by a blocking reagent to prevent dimerization. -
These experiments are in progress. We plan to assess these peptides in

all of our assays. We hope that they will directly and definitively address the
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isgue of dimerization, and whether the additional 102-106 tail is functioning 0
not by increasing binding, but by blocking LBP~CD14 interactions. The reversed
sequences will have the identical charge and hydrophobicity, but should have _—
legs activity because of the scrambled segquence.
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In summary, it has been a frustrating time, in particular because the
article on these requences was completely written and was ready to subwmit in
June. However, rather than get it wrong we held the artivle. Ve think that we
have gained insight on the mechanisum of the active LBl puptides. We hope we are
not scooped on the work, and plan to submit the article the momont thie last wet
of aexperiments is ocut.

B. Progyrees on Specific alm #2

A8 noted in the laut report, wo have not worked on identifyiuy the LPM
binding @ite of BPI. This work has been overshadowed by the olher work iun
progress on LBP.

C. Progrepy on Specific alme #3 and #4

Two iesues that will be important for the tinul peptide-Iygyd uvuiijuyale
will be to optimize the numbaer of peptidem/IgC sl the teochnjual aspaovts of the
peptide/iIgG l:nk.

1. Study of the number of pueptides/IyG

We liave developad both LHP and CAF1E cunjuyates with varyluy uuvwbers ot
pesptide/IgG by altering the molar concentration of the pepLide duriuy the
coupling procedure. We next compared the funutional ability of the Jdiffwrent
conjugates for the ability to bind and neutralixe LPS and kill Jraw-iegailve
bacteria. Thess expuriments indicate clearly that. the sactivity ui Lhe uunjuysie
to bind, neutcalize, and kill Gram-nwgative ovganiwuws (in Llie vases ur CAMLIN-LyJ
conjugates) is directly proportional to the numbw of cuples of peptide/lgy.
Accordingly, conjugates with 4 or more peptides/liygy ave tlie most auvtive., Futuse
in vivo expariments will need to ansess if there is a duwnside Lu vonjuyaies
with many paptides/igG with reepeot Lo clearanve, miability, uv tusiuity. Cuost
may alsoc be a factor. At this wstage, contugates with higler aumber of pept files
axe exponentially moxe expensive Lo pruduve because ever higliee molar wun-
cantrations of paptide are newded at the Lime of voupling tu ysli relatively
small increaseus in the number of peptides/Igu. 1Lf eveutually s uvunjuyale vonss
into clinical use, a molovular approavh tu pruduction would llkely be needed Lo
which the additional cost of adding more peptides/igud would Le miloimal.

2. Study of tha optimal heterobifunctional 1inker

We have startud to study the stability of the vunjuyates La Lufies and
blood. We bagan our work using conjugates made with the bLitunulivuael linhes,
SPDP. At the time of the last report, we had started Lo study Lhe use ur & JditL-
ferent, more stable hetevoblfunctional linker, SHVFY. A goal Tur thile tilimesles
wag study to tha stability of conjugates wade with Lhese Jditfecsnt linkwaw in
whole blood. SMPT has the advantage that the disulfide bund haw layvyw wulwoulas
walght groups around the disutide bond between Lhe peplide and iyd, Lhue
diminishing reduction ot the bond in vivo,

Ovar the last four monthe we have gmuwrated several batulies ut LUMVUL
102-1gG and CAP1EB-IgG with both 4PLF and MY and evalualed vhels Lindliay
affinity and stability in whole bloud. The viinjuyales were preluvubated fn 2uw



whule rabibiy blood for varying times up Vo 24 howee, afrey whilceh Vhele absb iy
to vaptin e LR wau asswaswl by mtding tvitiaved L¥I followed 1) minutes late: LE]Y
maytat Lo bamde coupled vo sabbidt Ty dissetml Vo human Iy, The beasis were hen
maynet Leally sapayvatml aied couteld (o captured radivaciivity, A stronyth of
thinm systam in that 1t measnea Vhe ablliity of the vonjuyates o vapture LVS in
whoule bload, Although bacause of the probleme oul Lined above Vheee exper iment e
At ALEl) i prucean Tor Lhw LRP-IgU vonjugaten, 1t appeare Vhat fuor Vhe CVAVIA
Ty vonjuygat e there (0 an ealy Jone of activity o bilood uver IS 1 minuten,
and Lhan & vary slow declioe over J4 howve,  BRART coupiled conjuystue sppeer in
wome anpal bimante Lo e allyhitly e stabidle,  one ot Vhess saperimanta (o
Llluatiatal oy Plygure 3,
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Thars appeas Vo us Vinee Linely poseibilivies fur the loss ol svbivivy
over time,  Fiset, Vhe pept bide vouid be vieaved from the lgu.  Racond, the
peapt bilm vl e tnesct tvated by blnding to anbunde bloml penteine, thue hiveking
tve abild ity Ve wubimegoent by blmd Ve 08, Yhied, the entlre vinjugate could e
phaygouyt veed (ot manouyise smind 3R via the Py veveptos, s that theve e lese
poapt bide Lyd vanjuyst e avallabile tu bind TR wWe llave staried Yo deelyn seyer
foente Vo dietinguleh betwaen Vhewe jrisalhilition,  ne sapsiiment {8 v jaelin
vitlint @ Somm popt bile mial papt Dle Vgu vonjugatee in whels bilwed amt Chen add 1.4
Al Annuam Lhe TNY reepvnee sf Ve blowd,  Alnee both uneipdied fras CAFIR and
LUY pept dem bahibiby v he LI -bivduvasdt TP cauisinew alvne, o simpele sisavaye
Vhe pept tidm from Vhe Tgy would net be erpevied tu alvur the TRE Inhikibvinn,
Thuw, L6 the buvubat bon ul the pept hdes alune and vonjugates in whola bised
vesulted I A proyreasive luse wi YEF Luhibiviun, Vhis miyht s svisdenve Vhat
the peapt e v eelf Lo bluvhet by binding Vo aniviniy aubstances 1+ susymativally
alrvared, i the vne uapes bmant Yhat we have pesfemed g% VA with the VAFLS gyt
it juygat wae (b whilith Lile THP senguinse wae uuiy sssderiineg), e anri wunjuyaie
votalowl &V ivity bonyger Vhan slsheyr Ve BPUF v )uygates v wyial nuilas
iAant 1y fue i papd bdle alune (Figwee 4). 18 vanflomed, thie wapul imapnt suyysurs
Vo oum Lhat Vhe MRF) vanjuyale Le peaferabile (o bahibdv ban 0l TES tnduned N7,
and Lhiat coanjuyat bop may Vo o geang ostent pp et et Vhe et Tile o Aaygs adlad b b
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We ate desliyning vajeiloente Lu stuly Vhe jaanihliivy Vhat Vhe vun
JUyst un Are VARSn Tul WHE . We heliove YAt Yhie Ieaus 8 salatively bmp~tent
hiwcatune conjuysies that aie baunl Vo LES might lavee-as the phaygeayleale of Li'e
via P suvaptiee, tiue Luvisanling ' leasance

yinal'y, we have seuently bovime awases Vhat Vhesw (o yor ansthes

3. hetesobifuntiuual Linkes b0 Ve sans family, HHy, This 'vhey wvae sleeliyned Vo
Tabw an wat jwmely wtable bowd with tyu L Bbood Theaw, we Jlan Vo vumpare s un
Uyt de Toswad wWith thite Linhes with vanjuyates with NFO¥ aml Burl .

| sast

o Faudiwes Uil Busulliv alms 63 !

' Auw us cus sapuciod Vimetabile, wo have nal yoo etasted thove o8l
LA

11. MWew huvulndupe sluve Vhe Llash souunst

1. Il et bdue with & sysliwing sin Ve cAsbiiay teswminal may he wibw At ive bhan
@ladlar puptitum Jackin, a  jetulng, anl Ve wa, b g to liear bpat e 1 the
peped Bl Lo s mutle & Saubile copy of Vhe peyt bile FUE ot idee i 108 ey, bLe
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squally o mo e aviive than LEPE6-1UL.  Brper tment e are (o pnogress Lo pliupoiut
the opl imal asgquence fur the conjuysies,

7. eesliminmy enperimente sugyest that MV Linked pept tde-lyy vunjuyalen arw
equally active and alightly moe stable ‘n bBlomt than AVOF-1 tnked von juyaies,

Y, The activity nf CvAPLIA-IgY and LAP-lyu with venpect to the bindling end
neutsallisation of LA ta dliecvtly pupmtivaal to the numbes ol peptides/igd.
ty A mrlar basis, the present ssgquences of Lhe LAFVIR peptides slune and Lo Lhe
vanjugated frrm are sliyghtly wire avtive Lhan tie i sssnt sayusnces of hLpp
peptidan alvne and in the venjugated form,

4. luvubat lun of VAPLA lgu venjugates in JUN whule blivkd sesulian Lo an sapld
(A0 30 minute) Juae ui Binding activivy, tullowed by & slow deviive Lo suthvity
wver 06 house, Yhe seasun fus the sarly amd Tates lues ol binding acilivivy s
at bhe tawment Unhmwen,  BRFT vujugatres sie alightly mae stebile shau A¥OYF von-
juyates. Yheee sapes iments have pesceded wisk with the LB vonjuysies Levause
we sre awalting & deciginn vy the mptimum eseguance o LEF vuo wor h with definl-
Vively.

1 fesbuiuad piviions

A wubiined in A abuve, we had & malns amt vasy Cfoustiabboy tavhulval
prvblom Lo Vhe eynvhesle wi Ywe batvhes of aynthet i papt ldae Lhat jeeulund
tnenlutle ot ldee wi gmme guality. We balieve thet Vvhe pnvbiiem related v s
vhatys in the ealubivn prvesduse yaed vy wieave Lhe pephldes (owm Lha swabn upam
whivh they weee eynthasisad, Yhe povkilom appesie vu bae sulvad by revusiilng Vu
satilor mathud Yhiat hadt Hean ubilland, and we helleve What we ase bauvh v Lsavh,
wWe have had ne «thar seuhinival poubilome.

V. Bubuss disssbives

L. A duminant lesus ‘hat we kelieve I8 uiuvial ‘1 remulve be vu Ldentify \he
ssaus LBK seyienue Lhat will ke uptimal vw wuujile tu lyd. A present Vhe
uptlune ase HLBrIe AU, hLaree 1Ud, and hLUFEG JUB,  Uus e lus Loy randidale was
HLEPER LUJ. HUWeVEs, 00 NUGSL AUVE M E LOUE'IL GRPEI LMENL B UBliy oyt Lilen
alune augysated Lhet hi.0rae UG may neubialise battes. A gup vuuplilnyg o the
voshuay Vaiminal Invicesse nautialivarion by jeoviding etes e hilndianve, Lhe

Al i b Lusval @ aming avide Aay et e euuch of an aldvant age for Vhe develujsnenty ol
vt juyal se Y sesvive th.o Llesue, we have deslyned the jpaptides vat blned by A
aliuve

We wee b LIRE VU Heyln Lo Jutye Ul 8 eslnyle LBY seyusnus &l Lunjuyete
in sedet Lu pruceed with the develugssant uf & leiye lov thay van bie vavwtfully
evalusted In 1.

1 A selatel lowue will be tu ssauive ae best aw |meeible whethus eume ui \lie
avtivity uf Vhe previvie seyuen: ae Vhat we ha'dl made ‘hat hal & ‘eswinal coyululne

te due Vo dimes loal tun flnce the LBN cunjuyates Vthat wa heve wade with Wbl /o
104 anch REWFES 10 Lind LFS, this leeue 1w ot diswct ]y suluvant tu viim winsh
with Vhe caunjuystee Houweaves , 1V will b Jepastant 1o gulve Vhile yusetloun

Sapbadiy 1 asder ba pubilieh e date s Vhe acbive bilnding elte of Lay.

Vo We hupe to cumplete vue etudies b Vie stabiility o the vun)iyataees i whule

Vi b Vhe nwatl U lmesl e We plean Vo ciega @ the ditterent hetusobibtune
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tional linkers mentioned above. The two assays that we will focus on regarding
utabllity will be the ability to bind LPS over tima and th~ ability to block
Ls~induced TNF over time.

4. An lewue rxelated to #3 above that seens Llmportant to study is whether the
conjugateus avre taken into WHC. It is powsible that one reason that the activity
of the vonjugaies slowly diminish over 24 hours in whole blood is that they are
taken luto vells. lesues that we will bugin to atudy are:

a, are the conjugates taken into WBC in the bloodstream?

b, if wo, ie the uptake via ¥Fu receptors?

¢. e uplahe lnoreased it LS is bound to the conjugate? Do the
vunjuyates inorvease phagooytowlis of LPS?

5. We plan tu hegln expeciments studying the abllity of the conjugates to bind
and nuutralise bautexim (Am opposed Lo purified Lps).

. A yval Lthat we hiupe to get to in the next trimester is to generate peptides
with '8¢ Lo ald Ln the chacravterization of the conjugates and their stability
and viearanve in vivae.

V. ubliuatdous
The fulluwlng articles are in press or submitted.

1, Kluumewiak K, Mlavh KN, Lolwelle ¥, Cavalllon JN, Wailnwright N, Warren HS.
synthetiu paplides Lhiet wldo Lhe binding site of horseshoe crab anti-
Wpopalywaccharide factor,  In prews, Dec. 1994, J. Infectious Diseaue.

4. Vavaen lid, Ulauk KM, Lulselle VL. Range and distribution of natural
antibudies Lo Lhe V-antiywi oi lipopolysavcharides in human plasma. Submitted.
(Thim sativle was funded {u part by tie preceding Navy grant).

Aw nutud abuve, we held wubuisswion of the follewing article about the
Liuding wite ot L pending detlinitive convlusions regarding the issues relating
Lo dimecinab lun, leaylh, and swlerlc hindcance, and structure-function (binding-
nautralivaiion) velativnehlym.

N, Warien i, Ccavallluuw UM, Luiuelle ¥, Ge Y, HBlack K, Zanzot K, Fitting C,
uolenbivuh U, Vernwulw MW, Lzrell &, Kloorewlak M. Identification of a major
LMK Liunding witw v lipopulysavunaride binding protain.

Wu are {u Lhe jnovess of preparing the first article on peptide-Igé con-~
Juyntvwe, This artivle wlll Jdescribe the goncept and our early conjugates using
ALY japlides voupled Lo omurine and husan Yg@. We plan to follow thie article
subswqguent. artivies un CAV1IU-1gG vonjugates and LBP-IgG conjugates (binding and
weulializatiun Jdata). 7The data and tablusw tfor each of these articleas ig
vopplete and fu awalting drvatting of the manuseriptu.




VI. Legends_to figures

Figure 1. Stability of CAP18-IgG conjugates in 20% whole blood over time. Ten
ug/ml of CAP18~IgG conjugatas made with SPDP or SMPT were preincubated in 20%
whole rabbit blood for varying times. Two ug/ml tritiated E. coli 025 LPS were
then added. Thirty minutes later, an excesg of rabbit anti-human IgG coupled to
magnetic beads was added. The beads with the captured conjugates with bound 3p-
LPS were then magnetically separated and the percent LPS captured assessed by
liquid scintillation counting, Identical experiments with LBP-IgG conjugates

are awaiting construction of conjugates with LBP with the finally selected LRP
sequence.

Fiqure 2. Stability of CAPl8 peptide and CAP18 conjugates made with SMPT or
SPDP in 20% whole blood as assessed by inhibition of LPS-induced TNF production.
Five ug/ml normal IgG or CAP18-IgG conjugates or equal molar quantities of CAP
18 peptide (0.27 ug/ml) were preincubated in 20% normal human blood for dif-
ferent times followed by the addition of 10C ng/ml LPS. Four hours later, the
plasma was separated and assessed for TNF by biocassay. Longer incubation times
are not possible because of the spontaneous induction of TNF. In this
preliminary experiment the SMPT version of the CAP18-IgG conjugate inhibited
atter 90 minutes incubation in whole blood, whereas egquimolar CAP18 peptide and
the SPDP version of the conjugate were inactivated over time. Identical exper-
iments with LBP-IgG conjugates are awaiting construction of conjugates with LBP
with the finally selected LBP sequence.
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